_  Spencer,  J,  W. 

^ana7?n  The  Windward  Islands  of 

'    apiuets  the  West  Indies .      ( 190?.) 
04395 


The  Windward  Islands  of  the 
West  Indies. 


WITH  EIGHT  PLATES  AND  SIX  CHARTS. 


BY 

J.  W.  SPENCER,  M.A.,  Ph.D.,  F.G.S.  (L.  and  A.) 


Transactions  of  the  Canadian  Institute,  Vol.  VII.,  pp.  351-370.    Dec.  1901. 


1901-2.] 


The  Windward  Islands  of  the  West  Indies. 


35* 


THE  WINDWARD  ISLANDS  OF  THE  WEST  INDIES. 
By  J.  W.  Spencer,  M.A.,  Ph.D.,  F.G.S. 

( Read  2nd  November,  ipoi ). 

'CONTENTS. 

Introduction,  and  How  to  Reach  the  Islands. 
Sombrero. 

St.  Martin  Archipelago  : — St.  Martin,  Anguilla,  St.  Bartholomew. 

The  St.  Kitt's  Chain,  Montserrat  and  the  Saba  Banks. 

Antigua  and  Barbuda. 

The  Guadeloupe  Archipelago. 

Dominica. 

Martinique,  St.  Lucia,  St.  Vincent  and  the  Grenadines. 

Trinidad. 

Barbados. 

General  Changes  of  Level  of  Land  and  Sea. 

Introduction  and  How  to  Reach  the  Islands. 

The  West  Indies  have  had  a  long  and  thrilling  ^history,  includ- 
ing even  the  small  Windward  Islands,  that  separate  the  Caribbean 
Sea  from  the  Atlantic  Ocean.  These  lesser  Antilles  were  formerly  a 
source  of  great  commercial  wealth.  They  have  been  the  birth  place  of 
many  distinguished  families,  and  the  scenes  of  actions  of  world-wide 
importance.  But  most  of  these  things  and  their  literature  are  more 
than  half  a  century  old.  The  small  amount  of  scattered  knowledge 
concerning  their  physical  features  scarcely  amounted  to  more  than  a 
statement  that  they  were  volcanic  islands  or  coral  rocks.  It  was  even 
most  difficult  to  get  information  as  to  the  facilities  of  travelling  about 
among  the  islands,  especially  the  smaller  ones.  Although  some 
popular  books  of  travel  have  been  written,  the  best  account  of  the 
features  of  the  islands  is  that  of  Elisee  Reclus.*  But  the  different 
islands  have  varied  and  most  interesting  geological  and  geographical 
phenomena.  It  was  for  the  study  of  these  that  I  visited  the  Windward 
Chain  in  \Sg6-'gy  ;  for  previously,  I  had  discovered  in  the  West  Indian 
region  the  evidence  of  the  great  changes  of  level  of  land  and  sea  in  late 

*  "  The  Earth  and  Its  Inhabitants."    Vol.  II.,  pp.  431-486.   (Applctons,  1893). 
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geological  times,  which  was  published  several  years  ago.*  The 
results  of  my  investigations  of  the  geology  of  the  Windward  Islands 
have  only  in  part  been  completed,  and  that  portion  has  recently 
been  published  by  the  Geological  Society  of  London.f  The  final 
studies  have  not  yet  been  made.    The  object  of  the  present  paper 


is  to  describe  the  physical  geography  of  the  region  and  the  changes 
it  has  undergone. 

*  "  Terrestrial  Submergence  Southeast  of  the  American  Continent."  Abs.  Bull.  Geol.  Soc.  Am.  Vol. 
V.  (1893),  pp.  19-22,  with  map. 

"  Reconstruction  of  the  Antillean  Continent."    Ib.    Vol.  VI.  (1894),  pp.  103-140. 
"  Geographical  Evolution  of  Cuba."    Ib.    Vol.  VII.  (1895),  pp.  67-94. 

"Great  Changes  of  Level  in  Mexico  and  Interoceanic  Connections."    Ib.    Vol.  IX.  (1897),  pp.  13-34. 

"  Late  Formations  and  Great  Changes  of  Level  in  Jamaica,"  and  "Resemblances  between  the  Declivities 
of  High  Plateaus  and  those  of  Submarine  Antillean  Valleys."  Trans.  Canadian  Institute,  Toronto.  Vol.  V. 
(1898),  pp.  324-357  and  358-368. 

t  "On  the  Geological  and  Physical  Development  of  Antigua."  Quar.  Jour.  Geol.  Soc,  Lond.  Vol.  LVII. 
(1891),  pp.  490-505. 

"On  the  Geological  and  Physical  Development  of  Guadeloupe."    Ib.,  pp.  506-519. 

"On  the  Geological  and  Physical  Development  of  Anguilla,  St.  Martin,  St.  Bartholomew  and  Sombrero." 
Ib.,  pp.  520-533. 

"On  the  Geological  and  Physical  Development  of  the  St.  Christopher  Chain  and  Saba  Banks."  Ib.,  pp. 
533-  544- 

"  On  the  Geological  and  Physical  Development  of  Dominica,  with  Notes  on  Martinique,  St.  Lucia,  St. 
Vincent  and  the  Grenadines."    In  preparation. 

"  On  the  Geological  and  Physical  Development  of  Barbados,  with  Notes  on  Trinidad."    In  preparation. 
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A  few  words  may  be  said  as  to  the  means  of  reaching  the  different 
islands.  From  New  York  the  ships  of  the  Quebec  Steamship 
Company  leave  on  irregular  dates,  but  averaging  three  or  four  sailings  a 
month,  sometimes  first  touching  at  St.  Croix,  next  at  St.  Christopher 
(universally  called  St.  Kitts)  and  then  sail  onward  to  the  south.  On 
other  voyages  the  ship  calls  first  at  St.  Martin,  and  then  proceeds 
as  before.  Again  St.  Kitts  may  be  the  first  stop.  While  most  of  the 
larger  of  the  more  southern  islands  are  visited  on  each  trip,  this  is  by 
no  means  so  certain  as  on  the  north  bound  voyages.  After  touching  at 
St.  Lucia,  or  St.  Vincent,  the  steamers  proceed  to  Barbados  and  often 
to  Demerara,  and  some  of  the  tourist  steamers  in  winter,  to  Trinidad. 
Another  line  sails  for  Grenada  and  Trinidad  direct.  The  Pickford  and 
Black  Line,  from  Halifax,  sails  regularly  every  four  weeks  for  Bermuda, 
St.  Kitts,  and  on  to  Trinidad.  Local  steamers  of  the  Royal  Mail  Line 
sail  regularly  once  a  fortnight  between  the  larger  islands.  There  are 
other  occasional  steamers  by  which  passage  between  the  islands  can  be 
made.  But  to  the  smaller  islands,  one  must  depend  upon  small 
schooners  or  sloops  of  perhaps  only  ten  tons  capacity,  which  may 
usually  be  found  sailing  weekly  from  the  larger  islands,  for  carrying  the 
mail,  etc.  Thus  there  is  a  weekly  sloop  from  St.  Kitts  to  St.  Martin, 
Anguilla  and  Sombrero ;  from  St.  Martin  to  Guadeloupe ;  from  St. 
Croix  to  St.  Thomas  and  the  Virgin  Islands,  etc.  To  and  from  Barbados 
and  Martinique  there  are  fortnightly  steamers  to  England  and  France, 
and  other  steamers,  to  the  South  American  ports  and  Colon,  as  also  to 
Jamaica.  The  Quebec  Line  and  the  Pickford  and  Black  steamers 
sailing  among  the  islands  usually  travel  at  night,  so  that  the  tourist  can 
go  ashore  for  the, day  and  get  a  glimpse  of  these  most  beautiful  tropical 
lands.  The  coasting  voyages  of  the  Royal  Mail  Line  give  no  oppor- 
tunities for  seeing  the  islands,  as  they  make  brief  calls,  day  or  night,  and 
then  proceed  onward. 

Sombrero. 

Sombrero  is  a  lonely  sentinel  away  out  in  the  Atlantic,  at  the 
northern  end  of  the  Windward  Chain,  being  situated  forty  miles  beyond 
Anguilla.  It  is  less  than  a  mile  long,  with  a  breadth  of  a  quarter  its 
length.  Its  flat  top  is  pitted  by  former  workings  for  phosphate  of  lime. 
It  is  about  thirty  feet  above  the  sea,  with  vertical  walls,  so  that  landing 
at  the  foot  of  a  ladder  is  difficult.  It  is  composed  of  a  coral-bearing 
soft  white  limestone,  found  to  be  of  early  Pleistocene  age.  Pockets  on 
the  surface  have  been  converted  into  phosphate  of  lime  by  birds, 
which,  during  some  portion  of  the  Pleistocene  period,  made  it  their 
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home.  There  is  not  a  tree  on  the  island.  The  great  lighthouse  of  this 
region  is  here,  and  six  men  are  in  attendance  upon  it.  It  is  a 
dependency  of  St.  Kitts,  a  sloop  from  which  visits  the  island  weekly 
(see  map,  Plate  A,  appended). 

The  St.  Martin  Archipelago. 

St.  Martin,  St.  Bartholomew  and  Anguilla  rise  out  of  the  same 
banks  which  are  submerged  from  100  to  200  feet.  The  whole  forms  a 
physical  unit,  being  an  isolated  remnant  of  the  dissected  and  submerged 
Antillean  plateau.  The  margins  of  the  plateau  are  further  indented  by 
deep  valleys,  heading  in  amphitheatres,  as  shown  west  of  Anguilla  and 
St.  Martin,  and  south  of  St.  Bartholomew,  where  the  incisions  on  the 
two  sides  of  the  drowned  tableland  have  united  into  a  channel  across  it. 
These  features  are  shown  on  the  map  (Plate  A,  appended).  This  mass 
rises  prominently  above  the  broad  channel,  2,500  feet  in  depth, 
separating  it  from  the  Saba  banks,  but  from  its  eastern  side  the  descent 
to  the  Atlantic  abyss  is  not  known  to  be  interrupted  by  other  features. 

St.  Martin  (see  map,  Plate  A,  appended)  is  mostly  composed 
of  mountain  ridges  (the  highest  point  of  1,360  feet  may  be  seen 
in  figure  1,  Plate  I.)  and  valleys  which  broaden  out  rapidly,  from 
the  cul  de  sac  of  each,  and  terminate  in  bays,  in  front  of  which 
there  are  often  beaches,  such  as  that  shown  in  the  illustration,  where 
the  Dutch  town  of  Philipsburg  is  built.  These  valleys  are  formed 
by  the  rapid  erosion  of  high  lands  due  to  the  tropical  storms,  one  of 
which  I  witnessed,  when  eight  inches  of  water  fell  in  three  hours. 
Such  rainfalls  in  the  dry  season  are  due  to  the  mountains,  even  low 
ones,  condensing  the  moisture  out  of  northeastern  trade  winds,  while 
neighbouring  flat  islands,  like  Anguilla,  have  a  great  scarcity  of  rain. 
On  the  western  side  of  St.  Martin,  Simpson's  Inlet  is  a  beautiful  bay  or 
lagoon,  enclosed  by  ridges  connected  by  sand  beaches.  Only  an  incon- 
siderable portion  of  St.  Martin  could  be  considered  a  coastal  plain. 

The  mountains  are  composed  of  the  old  West  Indian  igneous 
foundation,  probably,  in  part,  older  than  the  Tertiary  era,  though 
perhaps,  in  part,  belonging  to  the  earlier  Eocene  days.  There  are  also 
volcanic  tuffs,  and  a  formation  of  grey  limestone  which  is  composed  of 
calcareous  layers  intercalated  with  tufaceous  beds,  but  the  calcareous 
strata  are  more  or  less  silicified  into  chert.  Such  are  well  seen  along  the 
shore,  as  at  Pelican  Point,  illustrated  in  figure  2,  Plate  I.,  where  also 
boulders  three  or  four  feet  in  length,  more  or  less  rounded  by  the 
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waves,  may  be  seen.  The  silicified  formation  contains  manganese  which 
has  been  economically  worked,  and  also  iron  ore.  Similar  igneo- 
calcareous  formations  have  been  found  in  St.  Bartholomew  to  belong  to 
the  Eocene  period,  from  the  fossils  which  Cleve*  obtained  in  the 
calcareous  layers.  Remnants  of  the  white  limestone,  or  the  Antigua 
formation,  (of  the  Oligocene  period)  occur  about  Simpson's  bay,  and 
in  the  French  portion  of  the  island. 

Tintamarre,  an  off-lying  island,  rising  to  a  height  of  ninety  feet  above 
the  sea,  is  a  remnant  of  the  former  coastal  plain  of  St.  Martin.  It  is 
composed  of  two  calcareous  formations,  both  of  white  limestone,  but  the 
strata  of  the  lower  are  more  or  less  upturned,  and  contain  Oligocene 
fossils  ;  the  upper,  substantially  horizontal,  contains  an  old  Pleistocene 
fauna. 

Anguilla  (see  map,  Plate  A,  appended)  is  a  low-lying  island, 
separated  by  a  strait  of  four  miles  in  width  from  St.  Martin,  of 
which  it  was  a  former  coastal  plain.  Its  highest  point,  near  the 
northern  cliffs  which  are  being  encroached  upon  by  the  sea,  rise 
to  only  213  feet  in  height.  At  points  the  old  igneous  foundation 
may  be  seen  near  waterlevel,  beneath  the  white  limestones.  The 
disturbed  lower  beds  contain  an  Oligocene  fauna,  and  the  upper 
horizontal  beds  hold  Pleistocene  fossils.  It  is  often  difficult  to 
distinguish  these  formations  apart,  although  separated  by  such  a  long 
geological  gap.  This  island  is  also  interesting  from  the  occurrence  of 
Pleistocene  bones  discovered  by  Mr.  Wager  Ray,  and  found  by  Prof. 
Ed.  Cope  to  be  those  of  Amblyrhiza, — rodents,  as  large  as  a  Virginia 
deer,  whose  ancestors  had  migrated  from  South  America  in  the 
Pleistocene  period,  when  there  was  a  continuous  land  connection  with 
that  continent. 

Gravel  formations  have  been  found  in  these  islands  belonging  to 
later  days  of  the  Pleistocene  period.  Coral  reefs  are  now  flourishing, 
especially  off  the  coast  of  Anguilla,  but  they  are  not  raised  above  the 
sea  level. 

The  roads  of  the  flat  island  of  Anguilla  are  well  made,  as  also  those 
of  St.  Martin,  which,  however,  have  to  pass  over  several  high  hills.  St. 
Martin  is  politically  divided  between  Holland  and  France.  St.  Barthol- 
omew is  French.  Both  French  colonies  are  dependencies  of  Guade- 
loupe, and  both  are  free  ports.    Anguilla  is  an  English  dependency  of 


*"On  the  Geology  of  the  Northeastern  West  India  Islands,"  by  P.  T.  Cleve.  Trans.  Roy.  Swedish 
Acad.  Sc.,  IX.,  No.  12,  p.  26. 
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St.  Kitts.  From  St.  Kitts  there  is  a  weekly  schooner  to  St.  Martin, 
Anguilla  and  Sombrero,  from  St.  Martin  a  fortnightly  schooner  to  St. 
Bartholomew  and  Guadeloupe  ;  from  St.  Martin  to  Saba  and  Curacao 
sails  a  monthly  schooner.  At  St.  Martin  the  Quebec  Steamship  Line 
calls  about  once  a  month  on  the  outward  passage  from  New  York. 

Anguilla  has  practically  no  exports  and  is  a  very  poor  island,  the 
negroes  living  on  "ground"  provisions  (tubers),  some  fruits,  etc.  St. 
Martin  formerly  produced  sugar,  but  this  industry  has  almost  disap- 
peared. Some  cattle  are  raised  for  export,  but  the  salt  production  is 
now  the  principal  source  of  wealth.  The  few  thousand  people  of  these 
islands  are  almost  entirely  black  or  coloured,  with  only  a  few  whites, 
mostly  the  descendants  of  the  planters  of  slave  days.  But  many  of  the 
old  families  have  disappeared.  English  is  the  language  spoken  in  the 
Dutch  portion  of  St.  Martin,  but  it  is  also  generally  understood  on  the 
French  side  of  the  island  and  in  St.  Bartholomew,  whose  inhabitants  are 
largely  of  French  origin.  Before  leaving  this  subject,  I  wish  to  express 
my  very  high  appreciation  of  the  Honorable  Diedric  C.  Van  Romondt> 
K.N.O.,  and  formerly  Governor,  and  his  family,  and  to  thank  them  for 
the  princely  hospitality  shown  to  Mrs.  Spencer  and  myself,  such  as 
characterized  the  palmy  days  of  the  West  Indies.  His  charming 
suburban  home  is  in  the  beautiful  valley  of  Cul  de  Sac,  opposite 
the  highest  point  of  the  island,  both  of  which  may  be  seen  in  figure  I, 
Plate  I. 

The  St.  Kitts  Chain,  Montserrat  and  the  Saba  Banks. 

Here  we  find  three  elevated  remnants  of  the  dissected  Antillean 
plateau  rising  up  as  tablelands  to  3,000  feet  or  more  above  the  floor  ot 
the  drowned  valleys.  But  the  channels  separating  them  have  a 
depth  of  15  to  100  feet  below  the  surface  of  the  sea.  On 
the  St.  Kitts  remnant,  St.  Eustacia,  St.  Kitts  itself  and  Nevis 
rise  as  the  mountainous  back-bone  of  the  region,  with  the  Saba 
banks,  as  a  slightly  submerged  coastal  plain,  to  the  south.  (See 
map,  Plate  A,  appended).  Montserrat  is  a  repetition  of  the  central 
mass.  Saba  is  simply  an  extinct  volcanic  cone,  rising  precipitously 
from  the  floor  of  the  sunken  Antillean  ridge,  but  at  the  foot  of 
a  submarine  tableland  now  forming  the  Saba  banks.  Its  height 
above  the  sea  is  2,830  feet,  with  the  water  2,250  feet  or  more  in  depth. 
On  the  floor  of  an  extinct  crater,  at  the  height  of  several  hundred  feet,  is 
perched  the  town  of  Bottom.  It  is  a  small  Dutch  settlement  where  the 
inhabitants  are  engaged  in  boat  building,  or  as  mariners. 


1901-2.] 


The  Windward  Islands  of  the  West  Indies. 


357 


Saba  banks  have  an  area  of  800  or  900  square  miles,  rising  to  within 
100  or  150  feet  of  the  surface  of  the  sea.  This  is  a  fine  example  q{  a 
submarine  tableland  not  surmounted  by  any  mountains.  Its  surface  has 
been  levelled  over  by  coral  growths  and  sands  derived  from  them.  It  is 
the  only  conspicuous  remnant  of  the  coastal  plains  on  the  Caribbean 
side  of  the  mountainous  back-bone  of  the  Antillean  ridge  until  the 
Grenadines  are  reached.    (See  map,  Plate  A,  appended). 

Saba  and  Statia  (the  colloquial  name  of  St.  Eustatius),  are  both 
within  sight  of  St.  Martin,  and  can  occasionally  be  reached  by  sloop 
from  St.  Martin  and  St.  Kitts. 

Statia,  St.  Kitts  and  Nevis  are  all  situated  on  a  narrow  submerged 
ridge.  The  north-western  end  of  Statia  and  the  south-eastern  end 
of  St.  Kitts  are  the  remains  of  the  old  dissected  and  degraded  mountains 
composed  of  the  ancient  trappean  foundation  of  all  the  Antillean  islands 
of  the  Windward  chain,  but  the  remaining  portions  of  these  two  islands 
and  Nevis  are  surmounted  by  volcanic  ridges,  belonging  to  geological 
days  more  recent  than  the  early  Pleistocene  epoch,  with  the  volcanic 
activity  continuing  down  so  recently  that  some  of  the  craters  are  still 
preserved,  such  as  that  of  Mount  Misery  (4,314  feet  above  the  sea),  with 
one  side  removed  to  a  depth  of  600  feet.  It  is  about  a  quarter  of 
a  mile  in  diameter,  with  a  lake  partly  filling  the  depression  (according 
to  my  friend,  Dr.  Christian  Branch,  who  then  resided  in  the  island). 
Statia  has  also  a  perfectly  preserved  crater,  called  the  "  Quill," 
rising  to  a  height  of  1,950  feet.  (See  view,  figure  1,  Plate  II.).  From 
the  central  ridges,  the  surface  slopes  in  the  form  of  a  glacis,  which  is 
deeply  dissected  by  valleys,  as  shown  in  figure  2,  Plate  II.  At  only 
one  point  on  the  north-eastern  side  of  the  island  did  I  see  any  lava,  and 
that  belonged  to  a  Pleistocene  eruption,  but  Dr.  Branch  informed  me 
that  some  black  rock  had  been  reported  from  near  the  summit  of  Mount 
Misery.  The  soil  is  made  up  of  volcanic  ashes  of  great  fertility,  which 
is  constantly  creeping  down  the  slopes.  At  Basse  Terre,  St.  Kitts,  in 
18S0,  a  cloud  burst  upon  Monkey  hill,  back  of  the  town.  (See  figure 
3,  Plate  II.).  Over  thirty  inches  of  rain  fell  within  three  hours.  The 
floods  from  such  storms  carry  ruin  before  them.  Great,  deep  valleys 
are  rapidly  excavated  out  of  the  loose,  volcanic  soil,  while  the  material 
removed  from  them  settles  upon  the  more  level  land,  in  this  case  filling 
the  streets  and  gardens  with  mud  to  several  feet  in  depth.  On  the  slop- 
ing ground  every  structure  is  washed  away  by  the  sheets  of  water,  and 
people  overtaken  by  them  are  whirled  into  the  sea.  Sometimes  where  the 
bodies  are  caught  by  an  obstruction,  this  impediment  to  the  current 
causes  a  deposition  of  mud,  so  that  they  may  be  quickly  buried  on  the 
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plains  before  reaching  the  sea.  A  similar  flood,  though  not  so  severe, 
yet  drowning  many  people,  occurred  in  Montserrat  during  my  stay  on 
a  neighbouring  island.  These  floods  give  some  idea  of  the  very  rapid 
changes  in  the  physical  features  of  this  tropical  region.  But  in  addi- 
tion the  Atlantic  ocean  is  encroaching  upon  the  eastern  sides  of  all 
the  islands,  owing  to  the  waves  being  thus  driven  by  the  north-eastern 
trade  winds.  Accordingly,  almost  all  the  ports  are  upon  the  leeward 
sides  of  the  islands.  In  St.  Kitts,  there  are  wild  monkeys,  but  they 
belong  to  an  African  species,  and  it  is  not  known  who  imported 
them. 

Nevis  is  a  nearly  circular  island  radiating  from  a  volcanic  dome 
which  rises  to  an  altitude  of  3,596  feet.  It  is  nearly  always  wrapped  in 
a  cloud,  like  the  summit  of  Mount  Misery  in  St.  Kitts.  Its  sloping 
surfaces  are  similar  to  those  of  St.  Kitts,  of  which  it  is  now  a  political 
dependency,  though  formerly  the  more  important.  In  the  seventeenth 
century  there  were  several  thousand  white  settlers  who  were  forced  to 
leave  owing  to  the  concentration  of  the  lands  into  the  hands  of  a  few 
owners.  Now  the  whites  are  few  and  poor.  Here  was  born  Alexander 
Hamilton,  one  of  the  fathers  of  the  American  republic.  So  also  the  wife 
of  Lord  Nelson,  who,  at  his  marriage  here,  was  attended  by  Prince 
William  (afterwards  King  William  IV.),  as  best  man.  The  island  is 
separated  from  St.  Kitts  by  a  strait  only  a  few  miles  wide,  and  very 
shallow. 

The  old  eruptive  foundation  of  these  islands  belonged  to  the  very 
beginning  of  the  Tertiary  era,  or  to  a  little  earlier  geological  time.  Dur- 
ing the  Miocene,  and  until  about  the  close  of  the  Pliocene  period, 
this  region  was  a  land  surface,  and  no  formations  were  accumu- 
lated beneath  the  sea.  But  in  the  Pleistocene  period  a  most  interesting 
phenomenon  occurred.  A  volcanic  upheaval  raised  Brimstone  hill  on 
the  flanks  of  St.  Kitts  to  a  height  of  about  700  feet,  without  having  pro- 
duced a  crater.  (See  view,  figure  1,  Plate  IV.).  In  the  outburst,  the 
floor  of  the  sea  was  thrust  up  so  that  a  limestone  veneer,  about  thirty 
feet  thick,  covers  the  sides  of  the  hill,  which  is  about  half  a  mile  in 
diameter,  to  a  height  of  400  feet,  on  which  a  strong  fort  was  formerly 
raised.  The  formation  thus  lifted  up  contains  fossils  which  show  that  it 
was  formed  at  the  close  of  the  Pliocene  or  beginning  of  the  Pleistocene 
period.  The  same  phenomenon  was  repeated  twelve  miles  away  in 
Statia  (see  figure  1,  Plate  II.),  but  there  the  limestone  mantle  occurs  to 
a  height  of  over  900  feet,  and  on  the  summit  a  well  preserved  crater  was 
formed. 
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Montserrat  (see  map,  Plate  B,  appended),  shows  the  old  igneous 
foundation,  small  remnants  of  the  earlier  Tertiary  (Oligocene)  limestone, 
and  the  surface  accumulations  from  two  volcanic  cones  of  apparently 
the  same  age  as  those  of  the  other  inner  islands  of  the  Windward  chain. 

Most  of  the  roads  in  these  islands  are  well  made.  Very  fine  sugar 
estates  cover  the  slopes  of  St.  Kitts  and  Nevis,  but  the  industry  is 
paralyzed,  and  prevailing  poverty  has  succeeded  the  luxuriant  wealth  of 
a  generation  or  less  ago.  In  Montserrat,  great  quantities  of  lime  juice 
and  citric  acid  are  produced.  The  people  are  mostly  negroes,  with  a 
considerable  number  of  Portuguese,  descendants  of  labourers  imported 
some  time  ago  into  St.  Kitts.  The  old  English  white  families  are  dis- 
appearing from  different  causes,  the  final  being  the  intermarriage  of 
those  in  reduced  circumstances  with  people  of  colour,  that  is  to  say,  with 
those  whose  blood  is  very  slightly  coloured.  These  in  their  turn  become 
commingled  with  others  of  darker  shades,  so  that  eventually  you  find 
descendants  of  the  most  distinguished  white  families  appearing  like  full- 
blooded  negroes,  in  spite  of  the  very  strong  prejudice  against  the 
mixing  of  the  races,  which  socially  ostracises  the  slightest  trace  of 
African  blood. 

Antigua  and  Barbuda. 

These  two  islands  (see  map,  Plate  B,  appended)  form  another 
distinct  tableland,  rising  2,000  feet  or  more  above  the  floor  of  the 
submerged  Antillean  plateau  (see  map,  Plate  B,  appended).  The  island 
of  Antigua  impressed  itself  upon  me  as  a  little  continent,  with  all  the 
features  necessary  to  complete  one,  and  indeed  this  impression  is  not  far 
wrong,  for  here  may  be  studied  all  the  geological  and  physical  history  of 
the  dismembered  and  drowned  tableland  between  North  and  South 
America,  except  the  phenomenal  the  later  volcanic  activity.  It  is  the 
starting  point  of  investigation.  Moreover,  it  is  a  fertile  island  and 
suggests  prosperity,  until  one  looks  beneath  the  surface  and  finds  that 
the  prices  paid  for  the  sugar  now  are  no  more  than  the  smallest  pittance 
required  for  sustaining  slave  labour.  The  south-west  quarter  of  the 
island  is  mountainous,  the  highest  peak  rising  to  1,330  feet.  This 
district  is  broken  up  into  narrow  ridges,  with  the  valleys  rapidly 
increasing  in  size,  so  that  their  lower  reaches  are  broad  flats  extending 
into  the  shallow  bays,  where  corals  grow  in  profusion.  In  these  valleys 
are  small  rivers,  but  over  most  of  the  other  sections  of  the  island  the 
drainage  is  underground  without  water  courses.  The  central  belt  of  the 
island  is  a  low  depression,  out  of  which  rise  several  hills.  The  north- 
eastern part  is  somewhat  higher  and  undulating.    The  mountain  district 
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is  characterized  by  the  old  Antillean  igneous  foundation  dating  back  to 
the  beginning  of  the  Tertiary  era,  or  in  part  a  little  older.  Even  the 
latest  trace  of  volcanic  activity  does  not  appear  to  have  been  as  late  as 
the  Miocene  period.  The  central  portion  of  the  island  is  underlaid  by 
tuffs  derived  from  the  older  volcanic  remains,  but  contain  some  beds  of 
silicious  limestone  and  others  of  fresh-water  origin  with  silicified  wood 
and  land  shells.  It  belongs  to  the  Eocene  formation.  The  north- 
eastern part  of  the  island  is  composed  of  white  limestone — the  Antigua 
formation  belonging  to  the  Oligocene  period.  But  over  this  is  a 
mechanical  limestone,  composed  of  the  broken  debris  of  an  older  one, 
dating  back  to  the  close  of  the  Pliocene  or. beginning  of  the  Pleistocene 
epoch,  and  probably  still  another  series  of  late  origin  composed  of  the 
same  material,  but  distinguished  by  unconformity  and  the  contained 
fossils.  There  is  also  a  still  newer  formation  of  gravel  belonging  to  a 
later  Pleistocene  epoch. 

Barbuda  is  a  flat  limestone  island,  with  lagoons  on  the  west.  The 
highest  point  rises  to  only  115  feet.  It  is  the  remains  of  the  old 
Antillean  coastal  plain  extending  seaward  from  the  mountains  of 
Antigua. 

The  termination  of  the  central  plain  in  the  harbour  of  St.  John's  is 
illustrated  in  figure  1,  Plate  III.,  where  the  cliffs  of  the  eastern  rolling 
country  are  shown  in  the  distance.  Figure  2,  Plate  III.,  shows  a 
fragment  of  the  dissected  coastal  plain  at  Hodges'  hill,  which  appears  in 
the  background  to  the  right. 

The  population  and  the  present  conditions  of  Antigua  are  similar  to 
those  of  St.  Kitts.  The  roads  are  nearly  always  excellent.  Being 
generally  low,  the  island  is  rather  dry  and  is  not  subject  to  the  same 
rain-fall  as  the  more  mountainous  islands.  Dr.  Christian  Branch  could 
find  no  remains  indicating  the  permanent  occupation  of  Antigua  by  the 
Caribs,  who  were  numerous  in  all  the  other  islands,  and  he  attributes  the 
fact  to  the  scarcity  of  water  at  certain  seasons  of  the  year. 

The  Guadeloupe  Archipelago. 

This  is  another  remnant  of  the  dissected  Antillean  plateau,  of  which 
the  lower  lands  are  now  submerged.  The  summit  of  the  ridge  con- 
necting it  with  Antigua  is  covered  by  about  2,000  feet  of  sea,  but 
both  sides  of  it  are  indented  by  deep  embayments  (see  map,  Plate  B, 
appended).  The  tableland  has  been  deeply  dissected,  so  that  being  now 
sunken  there  are  deep  channels  between  the  islands.    The  archipelago  is 
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underlaid  by  the  old  igneous  foundation  common  to  the  Windward  group, 
but  on  Guadeloupe  proper  this  is  surmounted  by  tuffs  and  by  volcanic 
accumulations,  which  have  been  ejected  during  the  time  extending  from 
the  close  of  the  Pliocene  period  to  the  present.  There  are  several  cones, 
the  highest  of  which  is  4,863  feet.  Several  eruptions  have  been  recorded 
in  the  eighteenth  and  nineteenth  centuries.  Grande  Terre  is  a  rolling 
coastal  plain,  separated  from  the  main  island  by  a  narrow  strait,  called 
Salt  River.  Its  general  characteristics  are  those  of  the  limestone 
section  of  Antigua,  being  underlaid  by  white  calcareous  marl  of  the 
Antigua  formation,  with  the  remains  of  a  mantle  of  mechanical  limestone 
above,  and  also  another  calcareous  formation  belonging  to  the  beginning 
of  the  Pleistocene  epoch,  while  on  the  mainland,  as  at  Petit  Bourg, 
there  is  a  mid-Pleistocene  deposit  of  sand  and  gravel.  Marie  Galante 
and  Petite  Terre  are  also  limestone  islands  like  Grande  Terre,  forming  • 
part  of  the  old  coastal  plains  in  front  of  the  mountain  section.  The 
Saintes  are  remnants  of  the  old  igneous  basement.  Remains  of  a  small 
elephant  which  emigrated  from  South  America  in  the  Pleistocene  period 
have  been  found  in  Guadeloupe. 

The  roads  in  this  French  island  are  good.  A  coasting  steamer  sails 
round  the  island  and  to  the  dependencies.  The  main  industry  is  sugar, 
which  is  principally  raised  on  Grande  Terre.  Fine  coffee  is  also  culti- 
vated, as  well  as  some  cocoa  and  vanilla.  The  people  are  mostly 
coloured,  with  a  larger  white  population  than  in  the  English  islands,  but 
the  coloured  population  is  more  unsatisfactory  from  our  point  of  view, 
and  dislikes  the  intrusion  of  foreigners.  And  in  their  policy  they  have 
done  much  to  impair  the  prosperity  of  the  island.  In  disembarking  or 
embarking  at  Basse  Terre,  the  capital,  one  is  liable  not  merely  to  the 
imposition  of  the  boatmen,  but  one's  life  may  be  imperilled  by  them, 
practically,  without  redress.  So  also  one  may  be  insulted,  or  even 
assaulted,  as  was  the  case  of  even  an  American  Consul.  The  successful 
revolution  in  Haiti  has  left  here  a  bad  effect  which  has  not  disappeared. 
But  from  the  white  people  with  whom  I  came  in  contact  I  received  only 
the  greatest  courtesy. 

Dominica. 

Here  is  a  repetition  of  the  mountainous  part  of  Guadeloupe,  from 
which  it  is  separated  by  a  depression  about  2,000  feet  below  sea-level 
(see  map,  Plate  B,  appended).  It  (see  map,  Plate  C,  appended)  has  no 
coastal  plains  like  Antigua  and  Guadeloupe,  unless  we  so  regard  the 
banks,  some  twenty  miles  to  the  south-eastward,  as  the  remnant  of  the 
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Antillean  tableland,  now  dissected  and  submerged.  Again  one  finds  the 
old  igneous  basement,  over  the  denuded  surface  of  which  are  several 
igneo-sedimentary  deposits  (of  the  older  Tertiary  era)  surmounted  by 
the  newer  volcanic  formations,  which  culminate  in  cones,  one  of  which  is 
4,747  feet  above  the  sea.  The  earliest  eruptions  occurred  about  the 
commencement  of  the  Pleistocene  period,  and  the  last  in  1880.  After 
the  renewal  of  volcanic  activity,  there  was  an  early  Pleistocene  deposit 
of  coral  rock,  preceded  and  succeeded  by  gravel  accumulations ;  all 
except  the  last  of  these  formations  have  been  mostly  removed  bv 
denudation  so  that  only  fragments  are  now  to  be  found,  on  the  small 
remnants  of  the  coastal  slopes,  the  best  example  being  the  Grand 
Savanna,  as  shown  in  its  relationship  to  the  mountains  in  figure  2, 
Plate  IV.  Some  little  flat  land  is  found  in  the  rapidly  widened  valleys, 
such  as  that  at  the  mouth  of  the  Layou  river  (figure  3,  Plate  IV.). 
Fragments  of  terraces  in  their  natural  condition  are  few,  but  one  may  be 
seen  at  Roseau,  on  which  the  church  is  built,  (illustrated  in  figure  1, 
Plate  V.).  Back  of  the  town  is  an  erosion  plain  (Morne  Bruce),  at  400 
feet  above  the  sea,  which  was  once  a  coastal  feature.  The  correspond- 
ing terrace,  on  the  other  side  of  the  valley,  shown  -in  figure  2  (which  is 
almost  a  continuation  of  figure  1,  and  might  be  joined  at  letters  A  B), 
may  be  seen  sloping  outward,  owing  to  the  local  elevation  of  the 
volcanic  centres,  and  not  to  the  regional  rising  of  the  land. 

Dominica  is  the  most  beautiful  of  the  islands.  Portions  of  it  have 
never  been  cultivated,  and  in  some  of  the  valleys  one  may  see  a 
tropical  vegetation,  among  which  are  tree  ferns  of  great  size  and  loveli- 
ness. The  situation  of  the  town  of  Roseau,  the  capital,  at  the  mouth  of 
the  Roseau  valley,  and  in  front  of  the  terrace  of  Morne  Bruce  with  the 
sloping  terraces  on  the  other  side  of  the  valley,  which  is  headed  in  a 
high  mountain  (not  seen  in  Figures  1  and  2  owing  to  cloud  at  the  time 
of  photographing  them),  is  unsurpassed  in  its  graceful  beauty,  in  spite 
of  the  dilapidated  appearance  of  the  town.  The  valley  itself  becomes 
enlarged,  after  passing  above  its  mouth,  which  is,  in  fact,  a  canon  or 
gorge  cut  by  the  river  since  the  recent  elevation  of  the  land.  It  is 
shown  in  figure  3,  Plate  V.,  the  view  being  taken  from  the  summit  of 
Morne  Bruce. 

On  account  of  the  floods  of  the  swollen  mountain  streams,  the  coast- 
wise roads  are  badly  cut  up,  and  because  of  the  almost  impossible  under- 
taking of  maintaining  bridges,  one  is  compelled  to  travel  on  horseback, 
except  for  a  few  miles  near  Roseau.    There  are  a  few  degenerated  « 
descendants  of  the  freedom-loving  Caribs,  who  were   so  ruthlessly 
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destroyed  alike  by  the  Spanish,  French  and  English  during  the  early 
bloody  history  of  the  West  Indian  region.  As  if  by  an  irony  of  fate,  the 
islands  have  ceased  to  be  of  commercial  value  to  the  conquerors,  and 
their  descendants  have  mostly  disappeared, or  sometimes  have  become  lost 
in  the  admixture  with  the  negroes,  whom  they  imported  to  supplant  the 
natives  on  their  own  soil.  The  negroes  here  are  mostly  from  French 
settlements,  and  speak  a  jargon,  almost  unintelligible  to  the  English 
or  French  visitor.  Hardly  any  industries  flourish.  A  little  sugar 
is  still  cultivated,  cocoa  and  limes  are  grown  quite  extensively.  Mr. 
Frampton  has  started  the  cultivation  of  the  kola  bean. 

Martinique,  St.  Lucia,  St.  Vincent  and  the  Grenadines. 

These  islands  (see  maps,  Plates  C  and  D,  appended)  form  a 
continuation  of  the  mountain  chain  of  Guadeloupe  and  Dominica 
and  are  composed  of  the  same  old  igneous  foundation  and 
overlying  tuffs,  and  later  gravel  deposits,  and  probably  of  some 
remnants  of  the  old  Pleistocene  limestone  (as  in  Guadeloupe 
and  Dominica),  though  I  did  not  see  them.  The  older  basement 
is  more  exposed  than  in  the  more  northern  islands,  and  the 
old  traps  are  decayed  to  considerable  depths.  In  fact,  as  we  go  farther 
south,  the  physical  features  assume  more  mature  forms.  Thus  Mar- 
tinique is  deeply  indented  by  the  Bay  of  Fort  Royal,  and  the  hills  to  the 
south  of  it  are  erosion  features.  But  the  northern  part  of  the  island  is 
surmounted  by  the  more  recent  volcanic  ridges  and  cones,  the  highest  of 
which  rises  to  a  height  of  4,438  feet.  Martinique  is  more  or  less  flanked 
with  sloping  surfaces  (due  in  part  to  the  sloping  beds  of  tuffs  underlying 
them)  as  in  St.  Kitts  (illustrated  in  figure  I,  Plate  VI.).  Remains  of 
base  level  erosion  benches  may  be  seen  as  in  figure  2,  near  St.  Pierre. 

Martinique  is  the  most  important  of  the  French  islands,  but,  unfor- 
tunately, it  is  so  often  placed  in  quarantine,  on  account  of  yellow  fever, 
from  which  the  other  islands  are  generally  free,  that  one  is  uncertain  of 
being  able  to  visit  it,  for  if  even  a  single  case  of  fever  breaks  out,  the 
traveller  cannot  leave,  except  by  going  on  a  French  steamer  bound  for 
France,  or  by  chartering  a  sloop  and  lying  at  sea  for  sixteen  days, 
an  experience  which,  for  even  a  few  days,  one  does  not  desire  to  have 
repeated.  On  this  account,  although  lying  in  front  of  the  island  we 
did  not  land.  This  was  the  home  of  Josephine  Beauharnais,  afterward 
the  wife  of  Napoleon  I. 

St.  Lucia  (see  map,  Plate  C,  appended)  is  surmounted  by  a  cone 
rising  to  4,000  feet.    The  igneous  rocks,  belonging  to  the  ancient 
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basement  of  the  island,  are  deeply  eroded  and  also  decayed.  Here  is 
the  best  harbour  among  the  islands,  generally  the  only  anchorage  being 
in  the  open  roads.  We  also  find  here  the  only  pier  in  the  Windward 
Islands,  at  which  the  ocean  steamers  can  land,  and  this  was  built 
on  account  of  the  great  coaling  station.  There  is  also  a  fine  botanical 
garden  at  Port  Castries,  the  capital.  The  slopes  of  the  southern  side  of 
the  island  are  largely  cultivated  for  sugar  cane.  As  elsewhere,  the 
coloured  population  greatly  predominates.  The  fer  de  lance,  one  of  the 
most  poisonous  of  the  snake  family,  is  as  common  as  in  Martinique.  On 
the  south-western  coast,  the  Pitons  rise  on  one  side  out  of  the  sea  (to 
2,619  feet)  as  shown  in  figure  3,  Plate  VI.  They  are  remains  of  a 
crater,  partly  blown  away,  partly  carried  off  by  the  waves,  and 
denuded  by  torrential  rains.    Travellers  frequently  mention  them. 

St.  Vincent  (see  map,  Plate  C,  appended)  repeats  the  features  of  St. 
Lucia.  The  highest  cone  in  the  Soufriere  mountains  rises  to  an  altitude 
of  4,048  feet.  Just  south  of  it,  the  large  crater  is  occupied  by  a  lake  at 
an  altitude  of  1,930  feet,  but  the  rim  of  the  crater  is  from  3,000  to  3,600 
feet  above  the  sea.  The  volcanic  eruption  of  181 2  sent  the  ashes  to 
Barbados,  more  than  a  hundred  miles  away,  where  the  dust  obscured  the 
sun  for  three  days.  Some  of  the  valleys  have  a  mature  form,  as  that  of 
the  very  beautiful  Buccament,  illustrated  in  Plate  VII.  This,  however, 
was  desolated  by  a  hurricane  about  four  years  ago.  The  valley  crosses 
the  island  to  the  sea,  so  that  a  little  submergence  would  separate  the 
hills,  to  the  right  in  the  picture,  from  the  main  portion  by  a  strait. 
This  feature  is  constantly  appearing  among  the  Windward  Islands. 
There  was  a  very  fine  and  far-famed  botanical  garden  before  the 
hurricane,  which  carried  every  tree-top  away,  blew  every  insect  off  the 
land  and  covered  the  island  with  showers  of  fine  earth. 

The  Grenadines  (see  map,  Plate  D,  appended),  represent  the  most 
complete  subaerial  dissection  of  the  ancient  volcanic  foundation,  so  that 
a  large  number  of  islets  and  rock  rise  above  the  extensive  banks  which 
have  a  length  of  over  a  hundred  miles,  and  are  submerged  100  or  150 
feet.  But  Grenada,  as  large  as  St.  Vincent  is  surmounted  by  the  later 
volcanic  ridges  with  the  highest  point  attaining  an  altitude  of  2,749 
feet.  Grenada  is  the  most  celebrated  of  the  islands  for  tropical  fruits 
of  fine  varieties.  The  Trinidad  steamers  from  New  York  stop  here, 
but  not  the  Windward  Island  lines,  except  the  regular  fortnightly  Royal 
Mail  steamer. 
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Trinidad. 

This  is  not  an  Antillean  island,  (see  map,  Plate  D,  appended),  but  a 
part  of  South  America,  being  situated  on  the  continental  shelf,  and 
separated  from  the  mainland  by  only  a  shallow  strait. 

Along  the  northern  coast  there  is  a  range  of  mountains  containing 
crystalline  schists,  and  rising  to  points  3,000  feet  above  the  sea. 
Isolated  ridges  occur  in  other  parts  of  the  island,  in  some  cases  having  a 
height  of  1 ,000  feet.  Elsewhere  the  island  is  generally  low,  with  occasional 
extensive  swamps.  Apart  from  the  northern  mountains,  the  sandy, 
shaly,  and  calcareous  strata  are  of  a  much  more  clastic  nature  than  the 
formations  of  the  Windward  Islands,  for  these  materials  have  been 
supplied  by  the  South  American  rivers,  such  as  the  Oronoco ; — but 
they  belong  to  the  same  geological  periods  as  those  of  the  Antillean 
chain.  There  are  no  volcanic  accumulations  as  in  the  other  islands. 
During  the.  long  Miocene-Pliocene  period,  land  surfaces  prevailed  and 
gave  rise  to  most  of  the  present  topographic  features.  These,  however, 
were  thinly  covered  by  subsequently  deposited  mantles,  so  that  the 
general  changes  of  level  of  land  and  sea,  the  connection  with  North 
America,  and  the  drowning  of  the  region  again,  are  phenomena  common 
to  the  history  of  the  other  islands.  Among  the  strata  certainly  no  more 
recent  than  the  Eocene  period,  are  radiolarian  and  foraminiferal 
organisms  that  were  accumulated  at  abysmal^  depths  of  the  ocean, 
of  perhaps  two  miles  or  more.  These  are  of  importance  in  showing 
that  where  there  had  been  shallow  seas,  or  even  land,  the  region  had 
sunken  to  the  great  depth  mentioned,  and  been  raised  again,  so  that 
other  shallow  water  formations  could  cover  them  and  constitute  the 
foundation  of  the  modern  land  features. 

Trinidad  is  a  beautiful  island  of  large  size,  but  its  fertile  plains  are 
only  partly  cultivated,  as  much  of  the  island  is  still  covered  by  primeval 
forest.  The  roads  of  the  cultivated  districts  are  excellent.  Sugar  cane, 
is  the  principal  product.  Pitch  Lake  is  most  valuable,  and  is  far  famed. 
It  lies  on  a  flat  plain  a  mile  from  the  sea  and  1 10  feet  above  it,  and  has 
an  area  of  about  a  hundred  acres.  No  high  land  occurs  within  sight  of  it. 
It  is  immediately  surrounded  by  a  small  open  wood.  It  is  a  dreary  spot. 
The  pitch  rises  and  overflows  a  loose  sandstone,  which  is  covered 
by  a  red  earthy  loam.  The  surface  of  the  pitch  is  hardened,  and  only 
plastic  near  the  centre,  so  that  it  can  almost  everywhere  be  walked  upon. 
But  through  the  fissures  of  the  crust  are  numerous  springs  of  water  and 
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sulphuretted  hydrogen,  sending  an  offensive  odor  through  the  whole 
district. 

Situated  near  one  of  the  mouths  of  the  Oronoco,  Port  of  Spain  is 
a  city  of  commercial  importance,  and  having  been  almost  destroyed  by 
conflagrations,  it  has  been  rebuilt  with  a  modern  appearance.  Near  it  is 
located  the  largest  and  most  celebrated  botanical  garden  in  the  West 
Indies,  except  that  of  Jamaica. 

In  Trinidad  there  is  a  larger  percentage  of  whites  than  in  the  other 
islands  described,  but  they  embrace  several  nationalities.  Besides  the 
negro  labourers,  there  are  many  Hindoos  imported  to  the  sugar  estates. 
Being  on  the  edge  of  the  belt  of  Trade  Winds,  with  the  intervening 
mountains,  the  island  seems  much  warmer  than  Barbados,  which  is 
separated  by  less  than  two  degrees  of  latitude.  Trinidad  has  direct 
steamship  communications  with  New  York,  but  not  by  way  of  the 
Windward  Islands.  The  Halifax  steamers  touch  it  once  every  four 
weeks.  The  Royal  Mail  line  gives  a  fortnightly  connection  with 
Barbados.  Occasional  vessels  of  various  lines  also  stop  here,  by  which 
one  is  able  to  reach  the  Venezuelan  ports,  the  Isthmus  of  Panama, 
and  Jamaica. 

Barbados. 

This  outlying  island  (see  map,  Plate  E,  appended)  is  situated 
somewhat  more  than  a  hundred  miles  east  of  the  main  Antillean  Chain, 
but  on  the  same  submarine  plateau  (see  maps,  Plates  D  and  E).  The 
surface  of  Barbados  rises  in  terrace  steps,  or  slopes,  to  an  altitude  of 
1,104  feet.  Except  in,  and  adjacent  to  the  Scotland  valley,  on  the 
northeastern  side  of  the  island,  the  surface  rocks  are  composed  of  a 
white  limestone,  or  a  coral  formation.  But  in  the  valley  referred  to, 
and  adjacent  to  the  coast,  there  are  beds  of  sand,  accumulated  when 
this  region  was  connected  with  the  continent,  and  received  the  sands 
carried  down  the  rivers — perhaps  the  ancient  Oronoco.  This  deposit 
cannot  be  newer  than  the  early  Eocene  days,  and  I  am  inclined  to 
regard  it  as  belonging  to  the  Cretaceous  period.  Upon  its  surface  is  a 
marly  deposit  containing  foraminifera  and  radiolaria,  like  similar 
accumulations  in  Trinidad.  These  were  formed  in  oceanic  abysses  at  a 
depth  of  two  miles  or  more,  in  a  geological  epoch  that  may  be  referred 
to  the  Eocene  period.  The  region,  after  having  sunken  to  such  a  great 
depth,  rose  so  that  upon  the  oceanic  beds  we  find  a  shallow-water 
formation  of  white  limestones,  as  in  Antigua  and  the  other  islands 
mentioned  before,  belonging  to  the  Oligocene  series.    During  the  long 
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Miocene-Pliocene  period  the  land  underwent  changes  of  level,  at  times 
very  high,  so  that  the  broad  valleys  between  the  island  and  the  main 
group  were  being  modified  into  rolling  features  by  atmospheric  agents, 
acting  for  a  very  long  time.  About  the  close  of  the  Pliocene  period, 
the  region  was  depressed,  so  that  only  a  very  small  islet  remained  away 
out  in  the  Atlantic.  Then  followed  the  great  elevation  of  the  region, 
when  all  the  islands  and  the  continent  were  united.  This  was  succeeded 
by  another  subsidence,  so  that  the  terraces  round  Barbados  were  cut  out 
of  the  new  coral  reefs,  as  the  land  was  again  rising.  Since  their 
elevation  the  streams  and  rains  have  begun  to  excavate  small  canons 
into  the  margins  of  the  terrace  steps.  The  occurrences  of  these  terraces 
and  little  valleys  give  diversity  to  the  surface  features,  for  there  are  no 
mountains  here.  (See  figure  1,  Plate  VIII.).  The  sea  is  encroaching 
upon  the  east  coast,  as  in  all  the  other  islands,  on  account  of  which  all 
the  ports  are  on  their  western  or  leeward  side.  An  illustration  of  the 
encroachment  is  shown  in  figure  2,  Plate  VIII.,  where  the  raised  coral 
reef  is  breaking  away  and  great  blocks  are  lying  along  the  coast. 

The  fertile  sugar  estates  have  been  occupied  by  numerous  owners, 
which  has  given  rise  to  social  conditions  somewhat  different  from  that 
found  in  the  other  islands.  Within  twenty  years  after  the  arrival  of  the 
first  planters  (1625),  the  population  rose  to  50,000,  including  many 
cavaliers,  Irish  labourers,  and  Indians  stolen  from  other  islands.  The 
population  now  numbers  200,000,  of  whom  one-fourth  are  whites.  As 
the  area  is  only  166  square  miles,  it  is  the  most  densely  settled  country 
in  the  world,  so  much  so  that  the  labourers  on  the  estates  get  only  three 
days'  work  a  week,  and  another  set  work  the  remaining  time — and  that 
at  twenty  cents  a  day.  More  than  half  of  the  coloured  infants  die  within 
a  year,  but  even  this  does  not  keep  down  the  increase.  These  conditions 
intensify  misery  caused  by  the  ruined  sugar  trade.  The  people  live 
on  "  ground  "  provisions  (sweet  potatoes,  at  fifteen  cents  a  bushel,  when 
bought ;  yams,  a  large  tuber) ;  bread-fruit,  used  green  in  place  of 
potatoes  ;  sugar  cane  and  some  fruits.  They  also  get  a  small  quantity 
of  fish  at  times,  of  which  the  flying  fish  is  most  delicious. 

In  the  church  of  the  parish  of  St.  John  is  the  tomb  of  Theodore 
Paleologos,  the  last  representative  of  the  Christian  Emperors  of  the 
Eastern  empire,  he  having  died  here  an  exile  in  the  seventeenth 
century. 
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General  Changes  of  Level  of  Land  and  Sea. 

The  primary  object  of  my  three  visits  to  the  West  Indies  and  to  the 
Central  American  region,  and  another  to  be  begun  in  a  few  days,  has 
been  to  carry  on  my  investigations  of  the  great  changes  of  level  which 
have  occurred  in  late  geological  times-,  for  there  one  finds  the  most  com- 
plete evidence  at  present  obtainable.  In  visiting  the  Windward  Islands, 
I  wished  to  extend  the  observations  made  elsewhere  bearing  upon  the 
time  of  the  great  earth  movements,  and  in  doing  so  I  had  to  investigate 
the  geological  formations,  the  results  of  which  have  been  published  in 
papers  mentioned  in  the  foot-note.  Besides  the  geographical  descrip- 
tions, with  some  geological  results  given  here,  I  have  included  the  charts 
of  the  region  from  which  much  more  information  can  be  gathered.*  On 
these  I  have  also  drawn  certain  lines  of  soundings  to  bring  out  the 
drowned  valley-like  features. 

While  a  somewhat  less  elevation  of  the  region  would  connect  the 
more  northern  of  the  Windward  Islands,  as  we  have  seen,  a  rise  of  3,600 
feet  would  unite  Dominica  and  Martinique  (by  way  of  the  banks  shown 
on  map,  Plate  C),  with  an  embayment  between  them  reaching  to  a 
depth  of  6,600  feet,  miles  within  the  line  connecting  the  two  islands. 
An  elevation  of  3,300  feet  would  bring  the  ridge  between  Martinique 
and  St.  Lucia  to  the  surface,  with  another  deep  indentation  to  the  west, 
a  tributary  of  which  heads  in  an  amphitheatre,  incising  the  island  mass 
north-west  of  St.  Lucia  to  a  depth  of  6,624  feet,  within  the  line  where 
the  shelf  is  sunken  only  600  feet.  Between  St.  Lucia  and  St.  Vincent, 
the  connecting  ridge  is  mostly  within  1,200  feet  of  the  surface,  except 
for  about  five  miles  where  the  channel  across  the  col  reaches  to  a  depth 
of  about  3,000  feet  below  sea  level.  From  this  point  the  drowned 
valley  rapidly  deepens  to  nearly  6,600  feet  within  the  line  of  the  islands. 
The  deepest  part  of  the  drowned  valley  crossing  the  ridge  between  St. 
Vincent  and  the  Grenadines  is  only  a  mile  wide  and  does  not  exceed  a 
submergence  of  1,300  feet.  The  Grenadine  banks,  really  a  submarine 
tableland,  are  covered  by  100  or  150  feet  of  water,  and  the  western  slopes 
show  the  indentations,  amphitheatres  or  cirques  reaching  to  the  same  great 
depth,  and  still  further  away  the  soundings  suggest  that  the  submerged 
Antillean  plateau  in  part  rises  more  than  9,000  feet  without  quite 
reaching  the  surface  of  the  sea.  The  cirques  or  amphitheatre-valleys 
on  the  eastern  sides  of  the  islands  have  not  been  so  fully  shown  as  on 

*  The  charts  are  a  reduction  of  Chart  40,  U.  S.  Hydrographic  Office.  The  various  larger  charts  ot 
the  different  islands  should  be  consulted. 
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the  western,  on  account  of  the  eastern  slopes  being  the  more 
precipitous,  and  the  soundings  fewer  in  number.  Between  the 
Grenadine  and  Trinidad  banks  (see  Plate  D),  the  connecting  plains 
may  not  be  submerged  to  more  than  750  feet,  except  in  a  narrow 
channel.  The  various  forms  of  the  valley-like  indentations  of  the 
border  of  the  great  submarine  Antillean  plateau  are  similar  to  those 
upon  the  slopes  descending  from  the  high  tablelands  of  Mexico  and 
Central  America,  which  have  been  fashioned  by  the  rains  and  streams, 
and  accordingly  their  occurrence  is  interpreted  as  evidence  that  the 
former  altitude  of  the  now  sunken  plateau  was  as  great  as  the 
present  submergence  of  the  valleys  now  drowned.  This  conclusion  is 
only  to  be  modified,  in  referring  to  the  islands,  or  their  districts,  which 
have  been  the  scene  of  Pleistocene  or  more  recent  volcanic  activity, 
for  here  we  find  local  elevation  due  to  plutonic  forces  which  have  not 
affected  the  great  earth  movements  of  the  region.  Among  the  Wind- 
ward Islands  the  evidence  of  the  full  height  at  which  the  land  stood 
has  not  been  determined,  as  among  the  Bahamas  and  on  the  south- 
eastern margin  of  the  North  American  continent,  where  we  have  found 
that  it  exceeded  12,000  feet.  At  the  time  of  the  great  elevation  of  the 
Antillean  plateau,  the  region  west  of  the  Caribbean  sea — Central 
America — was  low. 

The  valleys  are  the  result  of  two  periods  of  erosion, — namely  that 
of  the  Miocene-Pliocene,  with  the  production  of  broad  rounded  forms, 
and  that  of  the  early  Pleistocene  days  when  the  elevation  reached  the 
maximum  height  and  all  the  islands  were  united  so  as  to  connect  South 
and  North  America.  This  last  epoch  was  of  the  shorter  duration  with 
the  deepening  of  the  old  valleys,  the  formation  of  canons,  and  the 
excavation  of  cirques  or  amphitheatres,  at  the  heads  of  the  narrow 
valleys,  as  they  were  dissecting  the  tablelands. 

In  the  remains  of  elephants,  and  the  large  rodents  of  Guadeloupe 
and  Anguilla,  we  have  confirmatory  evidence  of  the  great  elevation 
during  the  early  Pleistocene  epoch,  for  these  mammals  migrated  from 
the  continent  about  that  time.  But  all  the  Pleistocene  animals  have 
disappeared  from  this  region,  and  the  modern  species  have  not  found 
their  way  to  these  islands,  for  since  the  very  general  subsidence  which 
exterminated  the  former  species,  there  has  been  no  connection  between 
the  islands  and  the  continent. 

Beyond  the  proper  limits  of  this  study,  between  St.  Croix  and  St. 
Thomas,  of  the  Virgin  Island  banks,  there  is  a  remarkable  basin 
attaining  a  depth  of  15,000  feet  (see  map,  Plate  F),  unlike  any  other 
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feature  in  this  region.  But  the  col  at  the  head  of  the  valley  connecting 
it  with  the  channel  leading  to  the  Atlantic  basin  is  submerged  only 
6,402  feet,  or  about  the  same  depth  as  the  cirque  of  St.  Lucia,  or  the 
indentations  within  the  lines  of  the  Windward  Islands,  and  consequently 
this  St.  Croix  indentation  can  be  brought  wfthin  the  same  investigations 
of  changes  of  level  as  the  Antillean  Chain.  By  the  rise  of  the  land  to 
this  amount  the  migration  of  South  American  mammals  could  have 
even  reached  the  North  American  continent.  Such  was  the  explana- 
tion of  the  occurrence  of  the  numerous  South  American  types  of  bears 
found  at  Port  Kennedy,  near  Philadelphia,  upon  the  remains  of  which 
Professor  E.  D.  Cope  was  at  work  when  overtaken  by  his  untimely 
death,  for  these  types  had  no  geographical  distribution  that  would 
suggest  a  connection  with  South  America  by  way  of  Mexico  and 
Central  America. 

In  conclusion,  I  must  thank  the  many  kind  friends,  whom  we  made 
in  all  the  islands,  for  their  lavish  hospitality,  so  that  our  scientific  trip 
was  converted  into  a  social  holiday  and  a  pleasant  memory  never  to  be 
forgotten. 


Plate  I. 


Figure  2.— Pel  ican  Point,  St.  Martin,  with  sea  rolled  boulders, *some  four'feet  long-. 


Figure  i.— The  "Quill"  of  S'atia,  from  Brimstone  Hill,  St.  Kitts. 


FIGURE  3. — Monkey  Hill,  and  town  of  Basseterre,  St.  Kitts. 


Plate  III. 


Plate  IV 


Plate  V. 


FIGURE  3.  —  Roseau  Valley,  from  Morne  Bruce. 


Plate  VI. 


Figure  3.— The  Pitons,  St.  Lucia. 


Plate  VII. 


Plate  VIII. 


Plate  A. 


Scale — 24.5  English  miles  to  one  inch  ;  heavy  contours  in  feet  ;  ordinary  soundings 
fathoms  of  six  feet.    All  the  maps  (F,  A,  B,  C,  D,  E)  can  be  joined  into  one. 


Plate  B. 


Scale — 24.5  English  miles  to  one  inch  ;  heavy  contours  in  feet  ;  ordinary  soundings  in 
fathoms  of  six  feet.    All  the  maps  (F,  A,  B,  C,  D,  E)  can  be  joined  into  one. 


Plate  C. 


Scale— 24.5  English  miles  to  one  inch  ;  heavy  contours  in  feet ;  ordinary  soundings 
fathoms  of  six  feet.    All  the  maps  (F,  A,  B,  C,  D,  E)  can  be  joined  into  one. 


Plate  D. 


Scale— 24.5  English  miles  to  one  inch  ;  heavy  contours  in  feet  ;  ordinary  soundings  in 
fathoms  of  six  feet.    All  the  maps  (F,  A,  B,  C,  D,  E)  can  be  joined  into  one. 


Plate  E. 


Scale— 24.5  English  miles  to  one  inch  ;  heavy  contours  in  feet ;  ordinary  soundings 
fathoms  of  six  feet.    All  the  maps  (F,  A,  B,  C,  D,  E)  can  be  joined  into  one. 


Plate  F. 


Spencer,  J.  W. 

The  Windward  Islands  of 
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